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© This circuit detects GN taiijrc of a switching element for controlling the power supply to a load, and shuts 
down the load current iui»a:»iy Tho circuit comprises a monitoring sensor which generates an output when 
energy is externally suppboo to tho switching element of a switching circuit the switching element is off, and the 
reception level of the energy at the sensor is accordingly high; and conversely does not generate any output 
when the switching element is on and the reception level is accordingly low. By utilizing an OR operation circuit 
and a self-holding circuit, the output from this monitoring sensor, and the load driving signal for driving the 
switching element are logically processed. The relay contacts are prevented from hunting and following up the 
load driving signals in case of ON failure of the switching element. 
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TECHNICAL FIELD 

The present invention relates to a fail safe load drive circuit which is able to forcibly interrupt a load 
current to a load at the time of a short circuit fault in a switch element of a switch circuit for switching the 
5 load current on and off. 

BACKGROUND ART 

A conventional load drive circuit which has heretofore been proposed (refer to U.S. Patent No. 

jo 4,661 ,880 in the name of one of the applicants of the present invention) involves an electromagnetic relay 
contact, and a switch circuit using for example a semiconductor switch element, connected in series in a 
load feeder circuit. With this load drive circuit, power supply to the load is controlled by inputting a load 
drive signal to the switch circuit to switch the semiconductor switch element on and off, and if a conduction 
fault occurs in the semiconductor switch element, this is detected and the electromagnetic relay contacts 

75 switched off to forcibly interrupt the load current. 

The structural theory of such a conventional load drive circuit is explained with reference to FIG. 9. 
In FIG. 9, relay contacts 5A of an electromagnetic relay 5, and a switch circuit 4 using a semiconductor 
switch element such as an SSR (solid state relay), are connected in series in a load feeder circuit 3 wherein 
a load 2 is connected in series to a power source 1. The presence or absence of a load current l L in the 

20 load feeder circuit 3 is detected by a zero current detection sensor 7 through a current transformer 6. An 
output signal l P of the zero current detection sensor 7 and a load drive signal l N are input to an OR gate 8, 
and the contacts 5 A of the electromagnetic relay 5 are driven open or closed depending on a logical sum 
output of the OR gate 8. The load drive signal l N is made a binary signal (logic value "1 \ "0") which does 
not err to logic value "1 " at the time of a fault. 

25 The zero current detection sensor 7, is one which gives an output signal l P of logic value "1" 
corresponding to a high energy condition, when a load current l L does not flow in the load feeder circuit . 
and gives an output signal l P of logic value "0" corresponding to a low energy condition, when a load 
current flows. For example the sensor 7 is constructed with a saturable magnetic body core. More 
specifically, a saturable magnetic body core which is respectively wound with an output lead of the current 

30 transformer 6, a primary winding for supplying an alternating current signal, and a secondary winding for 
receiving the signal. With this construction, when the load current l L flows in the load feeder circuit 3 of the 
load 2 so that a current flows in the output lead of the current transformer 6, the saturable magnetic body 
core becomes saturated. An alternating current signal supplied to the primary winding will therefore not be 
transmitted to the secondary winding side, and the output signal l P will not be produced (corresponding to 

35 logic value "0"). On the other hand, when the load current l L does not flow in the load feeder circuit 3 of the 
load 2 so that a current does not flow in the output lead of the current transformer 6, the saturable magnetic 
body core does not become saturated. An alternating current signal of the primary winding will therefore be 
transmitted to the secondary winding side, and the output signal l P produced (corresponding to logic value 
"1") 

40 That is to say, the construction of the conventional load drive circuit is such that when a current does 
not flow to the load 2, or when the switch circuit 4 is switched on under normal conditions with input of the 
load drive signal l N . (i.e. when l P = 1, or l N = 1), the electromagnetic relay 5 is excited so that the relay 
contacts 5A close. 

For the excitation condition of the electromagnetic relay 5 of FIG. 9, the closed ("on") and open ("off") 
45 of the relay contacts 5A is represented by a. binary signal "1 " and "0" respectively, with the relay contacts 
5A operating under the following conditions with respect to the load drive signal l N and the load current l L . 

r = In v inversion l|_ 

50 

where symbol v represents the logical sum, and t Nl l L and r represent the following situation: 
In = 1 input current present. 

0 input current absent. 
I L = 1 load current present. 
55 0 load current absent. 

r = 1 electromagnetic relay excitation condition (contacts closed) 

0 electromagnetic relay non-excitation condition (contacts open) 
With the binary signal described hereunder, logic value w 1 " indicates the presence of voltage or the 
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When In = 0 and an "on" fault occurs in the switch element 
I 

the output signal ot the zero current detection sensor 7 becomes lp = 0 
1 

Since In = 0. the output signal of the OR gate 8 also becomes "0" 
I 

The electromagnetic relay 5 thus becomes non-excitation condition, and the 
relay contact OA open. 

i 



Since the load current l L stops flowing, then although the switch element has _.. 
M "on" fault, the output signal of the zero current detection sensor 7 becomes l P = 



an 



An output s.gnal of the OR gate 8 is thus produced so that the relay 
contacts 5A close 



The load current l L thus flows so that the output signal of the zero current 
detection sensor 7 becomes IP = 0. 
i 

The output s.gnal of the OR gate 8 thus becomes 0 so that the relay 
contact 5 A open 

(2) TV^JTT 5A ' hUS C ° n,inUe in thiS wa * t0 switch b *ween "on" and "off" 

More speedy. L .he l^Son o £ B^nZ^Z^ln ^ ^ **" ^ 
output signal |„ of .ho X ,c current detection sensor 7 rTcomes .P - TZ Z o * ™* '"^ *"* ,he 
in the semiconductor S w, tC h element the relay contact H « k 0ccurrence of an " on " 'ault 

input, since the outpu. ol the OR oa e iSL£ !T T H ° Wm ' Wh6n the load drive si 9™< l N is 
excited causing the relay comac.s 5A to cbse The T ? ' ?° e ^ om ^c relay 5 becomes 
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element of the switch circuit. A secondary object is to prevent the undesirable situation of the relay contacts 
switching between "on" and "off" in correspondence with the load drive signal when a conduction ("on") 
fault occurs in the switch element of the switch circuit. 

5 DISCLOSURE OF THE INVENTION 

With the present invention, a load drive circuit comprising a series circuit of a switch circuit having a 
switch element which is switched on and off depending on the presence or absence of generation of a load 
drive signal for controlling power supply to a load, and relay contacts for forcibly interrupting the power 

io supply to the load, connected in series with a power supply circuit for the load, is provided with a 
monitoring sensor for monitoring the switch circuit condition such that when energy is supplied across 
contacts of the switch element when the switch element is in an "off" condition, the received signal level 
based on the supply energy becomes a high level and an output is generated, while when the switch 
elomont is m an "on" condition, the received signal level based on the supply energy becomes a low level 

is and an output is not generated, a first logical sum operating circuit for computing a logical sum from an 
output of the monitoring sensor and the load drive signal, and a first logical product operating circuit for 
computing a logical product from a logical sum output of the first logical sum operating circuit and the load 
drive signal, wherein the construction is such that a logical product output of the first logical product 
operating circuit is made an input signal for "on" and "off" switching of the switch element of the switch 

70 circuit, and an electromagnetic relay for driving the relay contacts is drive controlled by the logical sum 
output of thfs fust logical sum circuit. 

With such a construction, if an "on" fault occurs in the switch element of the switch circuit, an output is 
not produced from the monitoring sensor. Therefore, if the "on" fault occurs when a load drive signal is 
being generated, the output of the first logical sum operating circuit disappears at the point in time when the 

25 load drive signal stops, while if the "on" fault occurs when a load drive signal is not being generated, the 
output disappears at the point in time when the "on" fault occurs. The electromagnetic relay thus does not 
become excited so that the relay contacts are held open, forcibly interrupting the power supply to the load. 
Moreover since the electromagnetic relay is not excited while the switch element has an "on" fault, 
"hunting" of the relay contacts does not occur. 

30 Furthermore, the construction may be such that the output of the first logical sum operating circuit is 
input to the first logical product operating circuit through an on-delay circuit. 

As a result, the relay contacts can be reliably switched on before the switch element of the switch 
circuit comes "on". 

Moreover, the construction may be such that a logical processing circuit is provided instead of the first 
35 logical sum circuit, the logical processing circuit comprising; a third logical product, operating circuit for 
computing a logical product from the output of the monitoring sensor and the load drive signal, a second 
logical sum operating circuit for computing a logical sum from the output of the monitoring sensor and the 
load drive signal, and a self-hold circuit with the logical product output of the third logical product operating 
circuit as a trigger input, and the logical sum output of the second logical sum operating circuit as a reset 
40 input, which self-holds the trigger input. 

As a result, in the case when an "on" fault occurs in the switch element of the switch circuit so that the 
output of the monitoring sensor disappears and the output of the self-hold circuit is terminated at the point 
in time of the fault or thereafter, then even if a load drive signal is generated after this termination, an output 
from the self-hold circuit will not be produced. Accordingly, the electromagnetic relay will remain in the non- 
45 excitation condition so that as well as effectively eliminating the "hunting" of the relay contacts, the "on" 
and "off" switching of the relay contacts in correspondence with the load drive signal can also be 
eliminated. 

Moreover, the load drive circuit comprising a series circuit of a switch circuit having a switch element 
which is switched on and off depending on the presence or absence of generation of a load drive signal for 

so controlling power supply to the load, and relay contacts for forcibly interrupting the power supply to the 
load, connected in series with a power supply circuit for the load, may be provided with a monitoring sensor 
for monitoring the switch circuit condition, the monitoring sensor comprising; a light emitting element and 
light receiving element arranged so as to face each other on opposite sides of mutually facing "on" and 
"off" switching contacts of the switch element of the switch circuit, a signal generator for supplying a high 

55 frequency signal to the light emitting element, a signal receiver connected to the light receiving element, 
and a fifth rectifying circuit for rectifying an output of the signal receiver, the construction being such that 
when the contacts of the switch element are open so that a light beam from the light emitting element is 
received by the light receiving element, an output is generated from the fifth rectifying circuit, while when 
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the contacts of the switch element are closed so that the lioht h Mm r mm ,• u. 
obstructed by the contacts and thus not received JZ ?~ 6 emtting element is 

from the fifth rectifying circuit ^ThS SJ o^aSTa c ° k^'' 3 " ° UtPUt iS n0t 9<3nefated 

output of the monitoring sensor and th HoTd die sional Ld7r 1", ""T" 9 3 '° 9iCal SUm ,rom an 
computing a iogica, product from a logfca si S^Tl^T - ^ ° Pera,in9 *** ** 
drive signal, wherein the constructs is Sr. klSr^^ 1 " 1 *'^ 
operating circuit is made an input signal for "on" and ^LSSS^^T. JV"* ,09iCa ' ""'^ 
circuit, and an electromagnetic relay for drivinq the lav Jn^t, 9 J ° " *" swi,ch 

output of the firs, logical sum operating droT * ' S C ° M ' 1 by the '° 9ical sum 

S witcTcir:uit h 3 COnStrUCti ° n ' 3 li9M S6nS0r ^ * US6d in fau " — *n of the switch e,ement o, the 
BRIEF DESCRIPTION OF THE DRAWINGS 

initio*' *** & ** <* 3 '° ad *" «*•« -cording to the present 

SiliSE? diasram i,lustratin9 a second embodiment of a ,oad drive ««*■.«• •» 

inven'on 3 *°* dia9r3m i,,UStratin9 3 *" • mbo *"« - a load «• « according to the present 
inv G en 4 «on; a *** dia ° ram il,UStr3,in9 3 M ™« " a ,oad *»<• *** according to the present 
adding ^^2^!^^ ^ P " " 3 "» emb ° di ~' a ^ circuit 

£ Son SC eXP ' ainin9 3 fUndamenta ' ,h60ry f ° r S3fe ■ "«*0 a fa, 

EX !;i^a!i3!^^ , ^ theory ,or fai - safe « - - 

SJ^VS^S^' fai, " S3,e *° n " ,3U " S « for a switch element, 

^ne^^ZZ^^Z!^ "° n " ,aU,t det6C,i0n SyStem ** 3 "** ■ 
FIG. 9 ,s a circuit diagram for expiaining the structural theory of a conventional load drive circuit. 

BEST MODE FOR CARRYING OUT THE INVENTION 

As follows is a description of embodiments of the present invention with reference to the drawinas 
F.G. 1 shows a f,rs, embodiment of a load drive circuit according to the present i»n 
In FIG. 1, a senes wart of a switch circuit 14. and relay contacts 15A of an electromagnetic relav 15 



is connected 



50 



construction may be such that the input s onaM 1 inn f f ° 6Xample ,ransistors ' ^ the 

Moreover, i, the switches SW1 , SW2 are relay con J s" 1^1° " ,0 ^ C ° nneCted ,ranSiSt0rs " 
each other in a single electromagnetic rJlay ' * ^ l "° ^ C0M ,inked to 

Connected in parallel across the contarK -p- anr« -h« ^* , 

to a firs, energy supply circurt.TomSing . W j£ r.?!" "'^ ■^"'^ 

across the contacts "c" and "d" o ,he swTch LT a T a ^ COntaCtS . c a" 11 " d " Connected in para.lel 
su PP .y circuit, comprising a thfrd tZoTJS. J^^lT^IS^ h 3 ^ 
the first transformer T1, and a series circuit JE^Z Windin9 N3 °' 

comprise a fourm resistor R H a four, capacitor CM. anV primary binding N^of a 3^3^ 
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T3. Furthermore, the load feeder circuit 13 comprising the load 12 and the power source 11 is connected in 
parallel to the contacts "c" and "d" through the contacts "a" and "b". A signal generator 16 for generating 
a high frequency signal is connected to the primary winding N1 of the first transformer T1 . Moreover, a first 
current sensor 17 (comprising for example an amplifier and level detection circuit) is connected to a 

5 secondary winding N5 of the second transformer T2, while a second current sensor 18 is connected to a 
secondary winding N7 of the third transformer T3. 

Respective output signals from the first and second current sensors 17, 18 are respectively rectified by 
first and second rectifying circuits 19, 20 and input as DC output signals to an AND gate 21 which acts as a 
second logical product operating circuit. An output signal IP from the AND gate 21 is input to an OB gate 

70 22 which acts as a first logical. sum operating circuit. 

A load drive signal > N is also input to the OR gate 22, and a logical output of the OR gate 22 is input to 
the electromagnetic relay 15. The output of the OR gate 22 is also input via an on-delay circuit 23 to an 
AND gate 24 which acts as a first logical product operating circuit, and into which is input the load drive 
signal l N , so that an input signal l N - for the switch circuit 14 is generated by the AND gate 24. 

75 The operation of the circuit of FIG. 1 will now be described. 

When power to the circuit is switched on, then due to the high frequency signal generated by the signal 
generator 16, respective voltages (energy) are applied from the secondary winding N2 of the first 
transformer T1 to across the contacts "a" and "b" of the switch SW1 by way of the capacitor C1 1 and the 
resistor R1 1 , and from the other secondary winding N3 of the first transformer T1 to across the contacts "c" 

20 and "d" of the switch SW2 by way of the capacitor C13 and the resistor R13. 

In this condition, when there is no load drive signal l N , the input signal l N ' from the AND gate 24 is not 
produced so that the switches SW1, SW2 of the switch circuit 14 are in the "off" condition. In this case, 
since the contacts "a" and "b" of the switch SW1 and the contacts "c" and "d" of the switch SW2 are 
open, the respective applied voltages across the contacts "a" and "b" and across the contacts "c" and "d". 

25 are applied respectively to the series circuit comprising the resistor R12, the capacitor C12 and the primary 
winding N4 of the second transformer T2. and the series circuit comprising the resistor R14, the capacitor 
C14 and the primary winding N6 of the third transformer T3. The high frequency signal flowing in the 
respective series circuits is then received respectively by the first current sensor 17 and the second current 
sensor 18 through the medium of the second transformer T2 and the third transformer T3, and produced as 

30 a direct current output signal by the respective rectifying circuits 19, 20, and then input to the AND gate 21. 
Accordingly, the output signal IP from the AND gate 21 becomes a logic value "1" so that an output signal 
of logic value "1" is produced from the OR gate 22. The electromagnetic relay 15 is thus excited so that 
the relay contacts 1 5A close. 

The output of logic value "1 n from the OR gate 22 is delayed for a predetermined time delay by the on- 

35 delay circuit 23, and then input to the AND gate 24. 

When the load drive signal l N is input to the AND gate 24, the input signal l N * (l N * = 1) is generated by 
the AND gate 24 so that the switches SW1, SW2 of the switch circuit 14 close. When the switches SW1, 
SW2 close, the high frequency signal from the signal generator 16 is short circuited by the contacts "a" 
and "b" and the contacts n c" and "d". The current therefore ceases to flow to the second transformer T2 

40 and the third transformer T3 so that the respective output signals from the first and second current sensors 
17, 18 becomes zero, and the output signal IP from the AND gate 21 becomes a logic value "0". However, 
at this time, since the load drive signal l N has already been input to the OR gate 22 as a logic value "1 the 
output signal of the OR gate 22 remains at a logic value "1" so that the electromagnetic relay 15 is 
maintained at the excited condition, and the relay contacts 15A are held closed. Moreover, the input signal 

45 l N * from the AND gate 24 remains at a logic value "1 " so that current from the power source 1 1 can be 
supplied to the load 12. 

If the load drive signal l N is cancelled, the output from the AND gate 24 becomes a logic value "0" and 
the input signal l N ' for the switch circuit 14 disappears, resulting in the contacts "a" and "b" and the 
contacts "c" and "d" opening. As a result, an output signal is produced from the first and second current 
50 sensors 17, 18, so that the two input signals for the AND gate 21 return to the logic level of logic value "1". 
The output signal IP from the AND gate 21 for input to the OR gate 22 thus becomes a logic value "1" so 
that the electromagnetic relay 15 is maintained in the excited condition, and the relay contacts 15A remain 
closed. 

Accordingly, if both switches SW1, SW2 of the switch circuit 14 are normal, then the relay contacts 15A 
55 remain closed, with the power supply to the load 12 controlled by "on" and "off" switching of the switches 
SW1, SW2 of the switch circuit 14 in correspondence with the generation/cancelling of the load drive signal 
In. 
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respective switches SW1 SW2 are onpn ihon ««, „ . ■ . < \ contacts c and d" of the 

secondary wind.ngs N2 or N3 of The S tran" former Tl signal o the signal generator 16 produced in the 
source 1 1 . More specifically Ite^T, T Z ™ thr ° U9h * e 12 a " d ^ 
vottage across the Contacts v an ft ^o t slh sJi JSSjK T" " " = °' ^ 
the nnwpr «s rt .,r^ 1 1 ^ »u 7 1 ,s not a PP ,ie d to the series circuit of the load 12 

switch circuit 14. until the relay contacts 15A close P 9 = f is not ,nput to the 

senjr 1 rs c s* AT D n :aLTi e % s 4°Td ,o ;roR i9na : 9 r a,or ie - *• first ^ — 

e r=t=d i5)i °~ ,or the 

(a) When the load drive signal l N = 1 has already been input- 

II is supplied. ■ the SW ' tCh C ' rcult 14 tnen close and <he load current 

<b) When the load drive signal l N = 1 has not yet been input- 

switches SW1, SW2 of the switch circuit U close. 9 * S 9enerated S ° tha ' ,he 
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If it can be assumed that the load drive signal l N is not input immediately after switching on the power 
to the circuit, then it is not altogether necessary to provide the on-delay circuit 23. However to ensure a 
highly reliable circuit construction it is preferable to provide the on-delay circuit 23. 

With the circuit of FIG. 1 , in the case of a disconnection occurring in the windings ol the first second or 
5 third transformers T1, T2, T3, or a disconnection fault occurring in the resistors Rn , R13, R12, Ri*. then an 
output signal will not be produced from the current sensor 17, or the current sensor 18, or from both. 
However, in the case of a short circuit fault occurring in the capacitors C1 1, C13. C12. Cu, a current will flow 
from the power source 11 to the load 12 by way of the resistors connected in series to these capacitors. In 
this case however, since the resistance values of the resistors R11, R13, R12, R14 are markedly higher 
70 than the impedance of the load 12 there will be only a slight current, so that this will have practically no 
influence. 

With regards to faults in the elements making up the circuit, there is a known on-delay circuit (refer to 
U.S. Patent No. 4,667,184) wherein an output signal is not produced when such a fault occurs. 
The circuit of the first embodiment incorporates the following features: 
75 (i) If an "on" fault occurs in either one of the switches SW1, SW2 when the load drive signal l N is l N = 0, 
the output signal IP of the AND gate 21 becomes logic value "0". 

(ii) A signal for examining an "on" fault between the contacts "a" and "b", and n c" and "d" of the switch 
circuit 14, is sent from outside the circuit. Therefore "hunting" will not occur at the time of an "on" fault 
of the contacts. 

20 (iii) By use of the switches SW1 and SW2, the series circuit of the load 12, the power source 11, and the 
relay contacts 15A can be mutually cut off and separated. That is to say, the contacts "a" and "b" of the 
switch SW1 can be separated from the circuit by the switch SW2, and the contacts "c" and "d" of the 
switch SW2 can be separated from the circuit by the switch SW1. 

(iv) By use of the on-delay circuit 23 and the AND gate 24, the input signal l N ' of the switch circuit 14 
25 can be produced after the relay contacts 1 5A close, so that a start-up load current l L does not flow until 
the switches SW1 and SW2 close due to the input signal l N ' = 1 . 
A second embodiment will now be described with reference to FIG. 2. 

With the first embodiment shown in FIG. 1, the construction was such that an "on" fault of the switch 
circuit 14 was detected using two current sensors. However with the second embodiment of FIG. 2, an "on" 

30 fault of the switch circuit 14 is detected by means of a single current sensor. Structural components the 
same as those of the first embodiment are indicated with the same symbols. 

In FIG. 2, primary windings N8 and N9, corresponding to the primary windings N4 and N6 of the 
second transformer T2 and the third transformer T3 of the first embodiment shown in FIG. 1 , are provided 
as mutually separate primary windings of a single fourth transformer T4. Accordingly, a series circuit of the 

35 resistor R12, the capacitor C12 and the primary winding N8 of the fourth transformer T4, corresponds to a 
third signal energy receiving circuit, while a series circuit of the resistor R14, the capacitor C14 and the 
primary winding N9 of the fourth transformer T4, corresponds to a fourth signal energy receiving circuit. A 
third current sensor 31 comprising an AC amplifier is connected to a secondary winding N10 of the fourth 
transformer T4. The construction is such that the output of the third current sensor 31 is input to the OR 

40 gate 22 through a level detector 32 such as a Schmitt circuit, and a third rectifying circuit 33. Other details 
of the circuit are the same as for the circuit of the first embodiment shown in FIG. 1. 

With the circuit of the second embodiment, the sum of the output signals of the secondary windings N2, 
N3 of the first transformer T1 resulting from the signal generator 16, is transmitted to the secondary winding 
N10 of the fourth transformer T4. The transmitted output level, when both the switches SW1, SW2 are 

45 open, produces a level corresponding to logic value "2", while if one or the other is open, produces a level 
corresponding to logic value "1", while if both are closed, produces a level corresponding to logic value "0" 
(zero level). Accordingly, if a threshold value level of the level detector 32 is set so that an output signal is 
produced at the time of a logic value "2° level, and an output is not produced at the time of a logic level 
lower than logic value "2", then an output signal IP ( = 1) from the third rectifying circuit 33 can only be 

50 generated when the switches SW1 , SW2 of the switch circuit 14 are both open. Operation the same as that 
of the first embodiment can thus be achieved. 

The construction of the current sensor may utilize a method of amplification/level detection as illustrated 
in U.S. Patent No. 5,027,114, or in IEE. TRANS on INST. & MEA. Vol. 38 No. 2. APRIL 1989 (Realization of 
a Fail-Safe Train Wheel Sensor Using Electromagnetic Induction). With these two known techniques 

55 however, both the upper limit threshold value and the lower limit threshold value are used. However, in the 
case of the circuit of FIG. 2, the upper limit threshold value may be set at a sufficiently high level and only 
the lower limit threshold value used. 
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A third embodiment will now be described with refarpnrp to Fir c*. ~* 

resistance value of the load 12 so that the cul^ «„J' ! sutflCiem| y hi 9 h compared to the 

io compared to the load current l L ° ' n9 the reS,St0rS R81 - 022 is suffi *ently 

^^rp^ e,emen,s pt1 ' pt2 and ,i9ht — 

generator 16. similar to ha <* fnT2 eSll , P hoto «"«*' « * connected to the signal 

receiving element PD1 h ilajfn SSTT^STT? 3 I' 9 " * B * " hto *• ,i9W 

> 5 and the resistor R21. The Kgh V^nc etemel JS»T«T h"? T* T2 " P hoto ^ u P ler 42 

emitting element ^S^S^^^R^ °T- ^ * ^ 21 ' The 

.o the .igh, receiving -fcJS^STaS^^ 

transmitted signal is amplified in the fourth current sensor « k „ ' SenS ° r 43 This 

give an output signal IP. When the contacts 44 to 
* closed, the output signal IP is at IP = 0. while when the L£?-?E V « open Ts a J ^ " " 
The operation of the third embodiment will now be described " 

ccuTt; ^cir,^ fti'^rr ^ ■■■ and " b " of the switch swi * - *** 

fault occurs in the resistor R21 TlKsist R2> Z f V C ° maCtS 15A Cl ° Se ' " a Connection 

of the load 12. * Contacts 15A open - "P 8 ""* th e load feeder circuit 13 

« current SKCSiy iiaCCi^is? " b " ciose - ,he input * - 

relay contacts 15A however are held \£Z£XZ?£ 52? 44 ^ ' P = ° The 

If an on" fault occurs between the contacts "a" and "b" of the switch swi nf fhQ •. • 
then as mentioned above the output signal IP becomes IP - n rlct.if n f. 8 SW ' tCh C ' rcu,t 14 ' 

beforementioned respective «JLi'JTJ?!Sj. is J^SS" " ^ ° Pera,i ° n " "* 
45 A fourth embodiment will now be described with refprpnrp tn Fir ^' o* * , 

as rth tr fi ?r bodimem are indica,ed ^^^^zs^zr * e same 

With this embodiment as shown in FIG 4 the fifth re^ktnr r?? ho omittea. 
high compared to the resistance value of the load 12 ame as in F.G T 9 5 ""T?- "** 
relay contacts ISA of the electromaonetic ^7i% * connected - ,n P«W «*h the 

5 o resistance values of the ^JS^^^^L LJ^■ 7 J"* the arran 9 em ent of FIG. ,, the 
load 12. A series circuit of Z ^or mT^ Z , Su ? c,ently ter 9 er ,ha n the resistance value of the 
transformer T 5 is conned T^loZ T,T ^ Si^J^, 2 2 * 3 !* 
switches SW1 or SW2 (with the ore^Pnt pmhnHi mQ nt ♦ ' and d of the re spective 

output signa. from the GEZTlS ^SJ^SST^ ? V* V " "** SW1) S ° ,hat a " 

« the fifth transformer T5. by wa of Je resiSoT T an , T? ^ Windin 9 N ' 2 of 

a third energy supply cJ^SSZTa 7^ C "' <^ "m-pond. Io 
receiving circuit, made up " ^^ ^0^^ '° "» SeCOnd Si ^ al -ergy 

and the primary winding N6 o, the third ^^X^^T^Z 
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"c" and "d". The construction is such that when the contacts "a" and "b" are open, a voltage signal 
applied across the contacts n a" and "b" of switch SW1, is supplied to across the contacts "c" and "d" of 
the switch SW2 via the load 12, the power source 11, and the resistor R22. 

With the circuit of the fourth embodiment, when the switch SW1 is switched off, the switch SW2 is also 

5 switched off. Accordingly, when there is no load drive signal l N , the voltage signal applied across the 
contacts "a" and "b n of the switch SW1, is also applied to the third transformer T3 via the resistor R14, and 
the capacitor C14. That is to say, when the input signal l N ' ( = 1) accompanying the load drive signal l N , is 
not input to the switch circuit 14, the output signal of the secondary winding N12 of the fifth transformer T5, 
is produced as a current which flows in the capacitor C11, the resistor R11, the load 12, the power source 

;o 11, the resistor R22, the primary winding N6 of the third transformer T3, the capacitor C14, and the resistor 
R14. This current is detected by the current sensor 18 from the secondary winding N7 of the third 
transformer, and amplified, and then rectified by the rectifying circuit 20 to give an output signal IP ( = 1) 
which is input to the OR gate 22. In other words, the output voltage of the secondary winding N12 of the 
fifth transformer T5 is applied to both of the contacts "a" and "b n , and "c" and "d" of the switches SW1 

75 and SW2, and when both of the contacts are open, then an output signal IP = 1 is produced. If either one 
of the contacts "a" and "b" or "c n and "d", or both of the contacts close, then the output signal IP 
becomes IP = 0. 

Accordingly, at the time of an "on" fault in the switches SW1 or SW2 of the switch circuit 14, then as 
with the before mentioned respective embodiments, there is no occurrence of "hunting". 

20 If a disconnection fault occurs in the resistor R22, then as described below, the relay contacts 1 5A do 
not close as long as the load drive signal l N is not input. 

When the relay contacts 1 5A are open, then since from the start a current will not flow in the primary 
winding N6 of the third transformer T3, the output signal IP is IP = 0, so that the electromagnetic relay 15 
is not excited. Moreover, when the relay contacts 15A are closed then normal operation will continue as 

25 long as an "on" fault does not occur between the contacts "a" and "b" or "c" and "d n of the switch circuit 
14, so that the output signal IP is IP = 1 (output voltage present). However, if an "on" fault occurs between 
the contacts "a" and "b" or "c" and "d" of the switches SW1 or SW2, or the condition arises wherein the 
power source of the signal generator 16, and the current sensor 18 is interrupted, the output of the second 
current sensor 18 is stopped so that the output signal IP of the second rectifying circuit 20 becomes IP = 0 

30 (no output voltage). The relay contacts 15A therefore open, and remain in the open condition. Moreover, if a 
disconnection fault occurs in the resistors R14, R11, then immediately the output signal IP becomes IP = 0, 
so that the relay contacts 15A open. The circuit of the fourth embodiment, is as illustrated in Japanese 
Patent Application No. 5-116134. 

A fifth embodiment will now be explained with reference to FIG. 5. 

35 In FIG. 5, a light emitting element PT and a light receiving element PD are arranged so as to face each 
other as a pair on opposite sides of a region between contacts "a" and "b" which are respectively provided 
at end portions of mutually facing arms 51, 52 which constitute a switch SW of the switch circuit 14. A high 
frequency signal is supplied to the light emitting element PT from a signal generator 16. A signal receiver 
53 is connected to the light receiving element PD such that an output signal from the signal receiver 53 is 

40 rectified by a fifth rectifying circuit 54 to produce an output signal IP. Other circuit structure is the same as 
for the first embodiment shown in FIG. 1 and description and diagrams are thus omitted. 

With such a construction, a light beam PB is emitted from the light emitting element PT when a high 
frequency signal is supplied from the signal generator 16, and this light beam PB is received by the light 
receiving element PD. The signal receiver 53 amplifies the alternating current signal received by the light 

45 receiving element PD, and this is then rectified by the rectifying circuit 54 to produce an output signal IP. 
Accordingly, when the contacts "a" and "b" are closed (when the switch SW is "on"), the light beam PB is 
obstructed by the contacts "a" and "b" so that the light beam PB is not received by the light receiving 
element PD, and the output signal IP is not produced (IP = 0). When the contacts "a" and "b" are 
separated (when the switch SW is "off"), the light beam PB is received by the light receiving element PD 

so so that an output signal IP is generated (IP = 1). This output signal IP becomes the input signal IP to the 
OR gate 22 as shown in the above mentioned respective embodiments. 

With this embodiment also, as with the abovementioned respective embodiments, "hunting" at the time 
of an "on" fault in the switch circuit can be prevented. 

With the circuit structure of the abovementioned respective embodiments, while "hunting" at the time of 

55 an "on" fault in the switch circuit can be prevented, since the electromagnetic relay 15 is responsive to the 
input of the load drive signal l Nl via the OR gate 22, the relay contacts 15A open and close following the 
load drive signal l w . 
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OR nl^fr'KV 09 ' 0 PTOCeSsin 9 circuit for solvi "9 thj s Problem. This circuit is provided instead of the 
^CT/J^ri ° n0d emb0dimen, CirCUi,S ' 3nd haS ««" in 

oo e ra t inl G ;i?;V 0 f 9iCal pr0CeSsin9 circuil 60 com P rises a " °* Qate 61 which acts as a second logicai sum 

l^e ^ JZ JZ ™T?■, 0U, V°* 9ical sum opera,ion on *» ou,put si9nal ,P ' which bec °™s • "oS 

fh h i ^ ^ SW " Ch C ' rCUit iS 0pen ' and ,he load drive si 9"a' 'n- an AND gate 62 whfch 

MvJS^S d ° P M a,in9 H ^ CirCUit ' '° r Carryi " 9 ° Ut 3 '° 9iCal producl "P—o" on the «S 
s.gnal IP and the load drive s.gnal l„. and a self-hold circuit 63 with the output signal from the OR oate 61 
as a reset .nput s.gnal, and the output signal from the AND gate 62 as a trigger input signal. 

sionaTof 2 EE*. $ ' 1,16 r6Set inPUt Si9 " al f ° r the Se "- h0ld circuit 63 is Oemwied as an output 

signal of he logical sum operation on the load drive signal l N and the output signal IP. Accordingly the 
eset mput signal for the self-hold circuit 63 is produced by the input signal J = 1 even if 1^2 signal 
IP ,s not produced. On the other hand, the trigger input signal for the self-hold circuit 63 i general as' an 
output signal of the logical product operation on the load drive signal l N and the output stand IP 

arTnotint. ^ " "* " "* *« <*« ^ 

bMO V rr a th ^° 9iC , Pr ^ n9 CirCUit 60 iS USOd in place of the 0R 9ate 22 ' then when the output signal IP 
becomes a logic value "0" due to an "on" fault of the switch circuit under conditions wherein the load d i e 

to the Id 2 ST' ' nP ^, h T ^'^ the '° ad driVe Si9 " al iS COntinuin9 - Po-er continues to be supplied 

m * r er . , ad d /r signal ,n is interrupted (, » - °>- then *» out PU t of *. 

circuit 63 stops a. the point in time of the interruption, so that the relay contacts 15A open. After this even 
if a load drive signal l„ is input, since the output signal IP remains at IP = 0, the output of the AND oate 62 

IXSSEIZZSZ input * 9nal is not input to the -** — - - ~s 

»J!^V hG ° UlPU ! ^"f. ' P beC ° meS ' P = ° due t0 an " on " ,ault °' »» switch circuit under conditions 
wherein there is no load drive signal l N . then after this even if a load drive signal l N is input then SSly 
the output of the AND gate 62 does not become a logic value "1 " so that an output signal from The sethofd 
circuit 63 is not produced. Consequently, the relay contacts ISA remain in the open condition 

Accordingly, at the time of an "on- fault of the contacts of the switch circuit the open and close 
switching of the relay contacts 15A following the load drive signal l N can be prevented 
h fl J^LT« U f!!? SWitCh6S SW1 ' SW2 in the switeh circu * « both the switches SW1 SW2 

Snpn, , 1 » ^7 time ' th6n 38 menti ° ned bef0re ' the rela V c « ISA open so thaUhe load 
? ■ V!?^' *" "* ** inf>Ut Si9nal of ^ switoh oircuit becomes IN' = 0 due to 
then , Z ,P t toc r ,n9 i P = °- H0WeV6r " ° ne ° r 0ther of ,he switehes Sw ^ or SW2 has an "on" au t 
has becol'T" " n rfn Whe ; ***** * the Se "- h0,d CirCUit 63 Stops ' eve " ^ ^ s^gnaTS 

^^hereVno '1,?, T^ 15 * ^ ^ * difeC,,y in,errupted the ,oad ™™< t 
However there is no problem if the "off" response of the switch SW1 or the switch SW2 on the side 

switches SW1, SW2 use for example transistors, then clearly, the "off" response of the transistor will be 
faster than that of the relay contacts 1 5A, so that there is no problem 

9 f ,e$ , I 1 " 24 ' 3nd 62 ' the ° R 9a,es 22 - 90(3 61 and the self - h old circuit 63 in the above 
desc nbed circuits of the embodiments, must have a fail-safe circuit construction so that if a fauh occS in 
the elements wh^ch make up the circuits, an output voltage signal is not produced. Such fSfsafe d c u! 
construction ,s known from the previously mentioned U.S. Patent No 5.027,1,4, and No 466?S 
Furthermore, a fa,, safe circuit construction wherein at the time of a fault occurring in the elements wS.' 
make up the amplifier and the rectifying circuit constituting the current sensor, the output slaJZISS 
drops or becomes zero is disclosed in the abovementioned U.S. Patent No. 5.027.114 or the betoremen- 
tioned I EE. TRANS, on INST. & MEA. Vol. 38 No 2 APRIL 1989 ..«•-», or me oetoremen 

0^72^^ 3 SWjtCh C ° ntaC1 P ° im "° n " ' aU,t 0CCUrdn9 in ,he ^mentioned respective 

rPninTw 7 'T ,rate . S K the baSi ° ,he0ry '° r 3 Case wherein a safe condltion is detected. FIG. 7 (B) shows a 
region W wherein there ,s danger when a person has entered. This illustrates a system wherein a Iqht 

reftecJd nZ H° m H P :° ieC, ° r A im ° the dan96r re9ion W ' and whe " a P"s°n is present theSn 
reflected light ,s produced which is received by a light receiver B to thus warn of danger. Wth this system 
if a fault occurs ,n the projector A so that a light beam is no. produced, or due to some ob facte the fohi 
outpu of the projector A is obstructed, then even if a person is in the danger region W the S reieler B 
cannot receive reflected light, so that safety is indicated. 9 
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FIG. 7 (A) on the other hand, illustrates a system wherein a light beam is projected from the projector A 
into the danger region W. and when this light beam is received by the light receiver B, safety is indicated, 
while when not received danger is indicated. If this system is used, then if due to a faulty projector A a light 
beam is not pioduced. or due to some obstacle the light beam is obstructed, the light beam will not be 
5 received by the lighl receiver B, and danger can be indicated. 

Therefore, to indicate safety in the danger region W, the system of FIG. 7 (A) must be used. In FIG. 7 
(A) the system is such that when the danger region W is safe the light beam energy is received, while in 
FIG. 7 (B> the system is such that when the danger region W is dangerous, a light beam is received. 

FIGS. 8 (A) and (B), illustrate switch SW "on" fault detection theory corresponding to the safety 
io indicating systems of FIGS. 7 (A) and (B). 

In FIG. 8. the presence of danger or safety correspond to the "on" or "off" of the switch SW. The 
switch circu-t 71 corresponds to the danger region W in FIG. 7, such that the time when the switch SW is 
closed ("on"> corresponds to the time when the load current l L is supplied to the load 72 (for example a 
motor and tho hko). then this has the meaning of danger. The time when the switch SW is open ("off") 
75 corresponds to tho time when the load current l L is not supplied to the load 72, then this has the meaning of 
safety. 

Accordingly, in detecting whether or not the contacts of the switch SW are safe (i.e. whether or not they 
are open), tnofi oergy must be received by the sensor when safe (when open). If so, then a system the 
same as for FIG 7 <A> is possible. In FIG. 8, the power source 73 is one with a high output impedance. 

20 With the crct»t cf FIG 8 (A), a signal voltage is sent from the signal generator 74 to the contacts of the 
switch SW via in»- ir*i«aof Ri When the switch SW is open (when safe), the output current is received by 
the current sensnr 7h r>y *ay of the resistor R0 and the transformer TO. When the switch SW is closed 
(when there is ttvyy*} ttv output current is not received (there is a low level). Accordingly, the detection 
system of FIG 8 (A) cc* responds to the system of FIG. 7 (A). 

25 On the other hand, with the circuit of FIG. 8(B), the output signal of the signal generator 74 is sent to 
the contacts of the switch SW through the transformer Ti', and the current sensor 75 detects the current 
flowing in the resisto- Rio using the transformer To*. With the circuit structure of FIG. 8 (B) when the switch 
SW is closed, a nign level current flows in the resistor Rio, while when open, a low level current flows. 
Accordingly, when closed {when there is danger), the current sensor 75 receives a high level energy, while 

30 when open (when there is safety), it receives a low level energy. The detection system of FIG. 8 (B) thus 
corresponds to the system of FIG. 7 (B). 

The abovemcntioned respective embodiments are based on the detection theory of FIG. 8 (A), with 
energy being initially supplied across the contacts to be monitored. The construction is thus such that this 
energy results in a high level sensor input signal when the contacts are open (no load current flowing, 

35 hence safe), and a tow level sensor input signal when the contacts are closed (load current flowing, hence 
danger), thus giving a fail safe detection system. 

INDUSTRIAL APPLICABILITY 

40 In a load drive circuit being a final object to be controlled in for example an industrial machine which 
requires a high degree of salety, if a fault occurs in a switch circuit for controlling power to the load, the 
power to the load can be stopped with exceptional safety. The invention therefore has considerable 
industrial applicability 

45 Claims 

1. A load drive circui: comprising a series circuit of a switch circuit having a switch element which is 
switched on anc oM depending on the presence or absence of generation of a load drive signal for 
controlling powe- supply to a load, and relay contacts for forcibly interrupting the power supply to the 

so load, connected in scnes with a power supply circuit for the load, provided with a monitoring sensor for 
monitoring the switch circuit condition such that when energy is supplied across contacts of said switch 
element when the switch element is in an "off" condition, the received signal level based on said 
supply energy becomes a high level and an output is generated, while when the switch element is in an 
"on" condition, the received signal level based on said supply energy becomes a low level and an 

55 output is not generated, a fust logical sum operating circuit for computing a logical sum from an output 
of said monitunny sense* and said load drive signal, and a first logical product operating circuit for 
computing a logical pioduct from a logical sum output of said first logical sum operating circuit and 
said load drive signal, wherein the construction is such that a logical product output of said first logical 
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product operating circuit is made an input signal for "on" and "off" switching of the switch element of 
said switch circuit, and an electromagnetic relay for driving said relay contacts is drive controlled by the 
logical sum output of said first logical sum circuit 



5 2. 



75 



20 



25 



A load drive circuit according to claim 1, wherein said switch circuit has two switch elements connected 
in series to each other, and said monitoring sensor comprises a signal generator for supplying a high 
frequency signal to a primary winding of a first transformer, a first energy supply circuit comprising a 
series circuit of a first resistor, a first capacitor, and a secondary winding of said first transformer 
connected in parallel across the contacts of one of the switch elements of said switch circuit, a first 
to energy receiving circuit comprising a series circuit of a second resistor, a second capacitor, and a 
primary winding of a second transformer, connected in parallel across the contacts of said one of the 
switch elements of said switch circuit, a second energy supply circuit comprising a series circuit of a 
third resistor, a third capacitor, and another secondary winding of said first transformer, connected in 
parallel across the contacts of the other of the switch elements of said switch circuit, a second energy 
receiving circuit comprising a series circuit of a fourth resistor, a fourth capacitor, and a primary 
winding of a third transformer, connected in parallel across the contacts of said other of the switch 
elements of said switch circuit, a first current sensor connected to a secondary winding of the second 
transformer of said first energy receiving circuit, for detecting the presence or absence of a current in 
said first energy receiving circuit through the medium of said second transformer, and generating an 
output when a current is present, a second current sensor connected to the secondary winding of the 
third transformer of said second energy receiving circuit, for detecting the presence or absence of a 
current in said second energy receiving circuit through the medium of said third transformer and 
generating an output when a current is present, a first rectifying circuit for rectifying an output of said 
first current sensor, a second rectifying circuit for rectifying an output of said second current sensor 
and a second logic product operating circuit for computing a logical product of the output of said first 
rectifying circuit and the output of said second rectifying circuit, wherein the logical product output of 
said second logic product operating circuit is made the output of the monitoring sensor. 

3. A load drive circuit according to claim 1 , wherein said switch circuit has two switch elements connected 
so in series to each other, and said monitoring sensor comprises a signal generator for supplying a high 
frequency signal to a primary winding of a first transformer, a first energy supply circuit comprising a 
series circuit of a first resistor, a first capacitor, and a secondary winding of said first transformer 
connected in parallel across the contacts of one of the switch elements of said switch circuit a third 
energy receiving circuit comprising a series circuit of a second resistor, a second capacitor and a 
primary winding of a fourth transformer, connected in parallel across the contacts of said one of the 
switch elements of said switch circuit, a second energy supply circuit comprising a series circuit of a 
third resistor, a third capacitor, and another secondary winding of said first transformer, connected in 
parallel across the contacts of the other of the switch elements of said switch circuit a fourth energy 
receiving circuit comprising a series circuit of a fourth resistor, a fourth capacitor, and another primary 
winding of said fourth transformer, connected in parallel across the contacts of said other of the switch 
elements of said switch circuit, a third current sensor connected to a secondary winding of said fourth 
transformer, for detecting the presence or absence of a current in said third and fourth energy receiving 
circuits through the medium of said fourth transformer, and giving an output of logic value "2" when a 
current is present in both energy receiving circuits at the same time, an output of logic value "1" when 
45 a current is present in one or other of the energy receiving circuits, and an output of logic value "0" 
when a current is not present in either of the energy receiving circuits at the same time, a level 
detector which generates an output when the output level of the third current sensor is not less than 
logic value "2", and a third rectifying circuit for rectifying an output of said level detector, wherein the 
rectified output of said third rectifying circuit is made the output of the monitoring sensor. 



35 



40 



50 



4. A load drive circuit according to claim 1, wherein said switch circuit has two switch elements connected 
in series to each other, and said monitoring sensor comprises a signal generator for supplying a high 
frequency signal to a primary winding of a fifth transformer, a third energy supply circuit comprising a 
series circuit of a first resistor, a first capacitor, and a secondary winding of said fifth transformer 
55 connected in parallel across the contacts of one of the switch elements of said switch circuit, a second 
energy receiv.ng circuit comprising a series circuit of a fourth resistor, a fourth capacitor, and a primary 
winding of a third transformer, connected in parallel across the contacts of the other of the switch 
elements of said switch circuit, a second current sensor connected to a secondary winding of said third 
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transformer, for detecting the presence or absence of a current in said second energy receiving circuit 
through the medium of said third transformer, and generating an output when a current is present, a 
second rectifying circuit for rectifying an output of said second current sensor, and a fifth resistor 
connected in parallel to said relay contacts and having a resistance value sufficiently higher than the 
5 resistance value of said load, wherein the rectified output of said second rectifying circuit is made the 

output of the monitoring sensor. 

5. A load drive circuit according to claim 1, wherein said monitoring sensor comprises a series circuit of a 
sixth resistor having a resistance value sufficiently higher than the resistance value of said load, a light 

to receiving element of a first photo-coupler, and a light emitting element of a second photo-coupler 
connected in series, connected in parallel across the contacts of the switch element of said switch 
circuit, a signal generator for supplying a high frequency signal to a light emitting element side of said 
first photo-coupler, a fourth current sensor connected to a light receiving element side of said second 
photo-coupler for detecting the presence or absence of a current in said series circuit through the 

75 medium of said second photo-coupler, and generating an output when a current is present, a fourth 
rectifying circuit for rectifying an output of said fourth current sensor, and a fifth resistor connected in 
parallel to the relay contacts, wherein the rectified output of said fourth rectifying circuit is made the 
output of the monitoring sensor. 

20 6. A load drive circuit according to claim 1 , wherein the output of said first logical sum operating circuit is 
input to said first logical product operating circuit through an on-delay circuit. 

7. A load drive circuit according to claim 1, wherein a logical processing circuit is provided instead of said 
first logical sum operating circuit, said logical processing circuit comprising a third logical product 

25 operating circuit for computing a logical product from the output of the monitoring sensor and the load 
drive signal, a second logical sum operating circuit for computing a logical sum from the output of the 
monitoring sensor and the load drive signal, and a self-hold circuit with the logical product output of the 
third logical product operating circuit as a trigger input, and the logical sum output of the second logical 
sum operating circuit as a reset input, which self-holds the trigger input. 

30 

8. A load drive circuit comprising a series circuit of a switch circuit having a switch element which is 
switched on and off depending on the presence or absence of generation of a load drive signal for 
controlling power supply to the load, and relay contacts for forcibly interrupting the power supply to the 
load, connected in series with a power supply circuit for the load, provided with a monitoring sensor for 

35 monitoring the switch circuit condition, said monitoring sensor comprising a light emitting element and 
light receiving element arranged so as to face each other on opposite sides of mutually facing "on" and 
"off" switching contacts of the switch element of said switch circuit, a signal generator for supplying a 
high frequency signal to said light emitting element, a signal receiver connected to said light receiving 
element, and a fifth rectifying circuit for rectifying an output of said signal receiver, the construction 

40 being such that when the contacts of said switch element are open so that a light beam from the light 
emitting element is received by the light receiving element, an output is generated from said fifth 
rectifying circuit, while when the contacts of said switch element are closed so that the light beam from 
the light emitting element is obstructed by the contacts and thus not received by the light receiving 
element, an output is not generated from said fifth rectifying circuit, a first logical sum operating circuit 

45 for computing a logical sum from an output of said monitoring sensor and said load drive signal, and a 
first logical product operating circuit for computing a logical product from a logical sum output of said 
first logical sum operating circuit and said load drive signal, wherein the construction is such that a 
logical product output of said first logical product operating circuit is made an input signal for "on" and 
"off" switching of the switch element of said switch circuit, and an electromagnetic relay for driving said 

50 relay contacts is drive controlled by the logical sum output of said first logical sum operating circuit. 

9. A load drive circuit according to claim 8, wherein the output of said first logical sum operating circuit is 
input to said first logical product operating circuit through an on-delay circuit. 

55 10. A load drive circuit according to claim 8, wherein a logical processing circuit is provided instead of said 
first logical sum operating circuit, said logical processing circuit comprising a third logical product 
operating circuit for computing a logical product from the output of the monitoring sensor and the load 
drive signal, a second logical sum operating circuit for computing a logical sum from the output of the 
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mon, onng sensor and the load drive signal, and a self-hold circuit with the logical product output of the 
th.ro log.cal product operating circuit as a trigger input, and the logical sum output of th^iS?iSS 
sum operating circuit as a reset input, which self-holds the trigger input 9 
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ADVANTAGE - No need for mechanical forced guidance for reliable 
safety. 
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monitored by a light barrier, in broken mode 
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